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In the absence of drag, Newton's second law for the drop is dp dt = mg, ͑1͒
where p = m is its momentum and the gravitational field g is assumed to be constant. The mass accretion rate is assumed to scale with powers of the mass ͑or size͒ and speed of the drop,
with values of the parameters Ͼ0, 1 Ͼ ␣ Ն 0, and ␤ Ն 0 chosen to ensure stability. Dividing Eq. ͑1͒ by Eq. ͑2͒ gives
which has the general solution
where the last term is a constant of integration. If we substitute p = m, Eq. ͑4͒ becomes the same as Sokal's solution. Drag can be included by adding a term to the right-hand side of Eq. ͑1͒, dp dt
with Ն0 and ␥ Ͼ 0 and where the same exponent ␣ for m is used for the drag and mass accretion terms because both effects are expected to scale similarly with the size of the drop. 2 Solving Eqs. ͑2͒ and ͑5͒ simultaneously is straightforward when ␥ =1+␤, which includes the important special cases ␥ = 1 and ␤ =0 ͑linear drag with speed-independent mass accretion͒ and ␥ = 2 and ␤ =1 ͑quadratic drag with linear speed accretion͒. The solution when ␥ =1+␤ can be obtained by dividing Eq. ͑5͒ by Eq. ͑2͒, which leads to dp dm
The left-hand side of Eq. ͑6͒ suggests changing the dependent variable to u = m / p, which yields
as a generalization of Eq. ͑3͒. This separated equation can be integrated. Rewriting the resulting solution in terms of gives 1+␤ = g͑1 + ␤͒m
We let C =0 ͑assuming = 0 when m =0͒ in Eq. ͑8͒, differentiate it with respect to time t, and then substitute Eq. ͑2͒ into the right-hand side and find the acceleration a ϵ d / dt to be a constant,
where n ϵ͑1−␣͒ / ͑2+␤ − ␣͒. This acceleration reduces to Sokal's drag-free result for = 0. By including a value for of the order of 100, the acceleration of a raindrop can be reduced to a more realistic value 4 of a few thousandths of g ͑for typical values of n of a few tenths͒. tribution due to the existence of the "hidden" momentum of the electron intrinsic magnetic dipole moment in the electric field of the nucleus. Accounting for hidden momentum is necessary to obtain conservation of linear momentum in the interaction of a classical current-loop magnetic dipole with a point charge. [3] [4] [5] Classical electrodynamics textbooks 6,7 recognize this need. It also has been argued 8 that the hidden momentum of the electron intrinsic magnetic moment must be incorporated in the laboratory-frame analysis of atomic spin-orbit coupling to obtain an equation of motion of the electron polarization that is consistent between the laboratory frame and the electron rest frame. The observation that the spin-orbit coupling magnitude must involve the magnitude of the binding force is correct, 1 but including hidden momentum in the electron equation of translational motion has the effect of approximately halving the non-Coulomb force on the electron compared to its value obtained by omitting the hidden momentum. In contrast and apart from the issue of whether hidden momentum is associated with intrinsic as well as classical current-loop magnetic moments, if hidden momentum is omitted from the analysis, then the force on the nucleus due to the electron differs from the force on the electron due to the nucleus. Thus, if the hidden momentum contribution is omitted, the binding energy including the spin-orbit coupling cannot be consistently calculated. Furthermore, because the spin-orbit coupling magnitude calculated in Sec. III of Ref. 1 is based on the non-Coulomb force acting on the electron, it will be halved when the hidden momentum is incorporated into the analysis, and the resulting spin-orbit coupling value will be in disagreement with the experiment.
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We agree with Lush that the rigorous classical analysis of spin-orbit coupling must also include the force due to the time variation of the hidden momentum. Additionally, as shown in Ref. 5 and discussed in Ref. 6 , the expression for the force acting on a particle with a magnetic moment derived from Dirac's equation in the classical limit already includes the contribution due to the time variation of the hidden momentum
given in the rest frame of the particle. ͑We follow the notation in Ref. 2͒. The force term in Eq. ͑1͒ should be included in the equation of motion of the electron in the laboratory frame ͓Ref. 2, Eq. ͑26͔͒, which thus becomes
where F hidden Ј is defined in the laboratory frame ͑the rest frame of an infinitely massive nucleus͒.
For simplicity, we again assume as in Ref.
2 that the electron's spin s is orthogonal to the rotation plane and its magnetic moment does not vary with time. In addition, we do the calculations to order ͑v / c͒ 2 and set F hidden = F hidden Ј . With these limitations, the equation of motion becomes
͓compare with Ref. 2, Eq. ͑27͔͒. For the circular motion of the electron around the nucleus, the electric field at the location of the electron remains constant in magnitude and varies in direction so that
where is the angular rotation frequency of the electron. The latter equality lets us transform the last term on the right-hand side of Eq. ͑3͒ to
͑5͒
Here we used the vector identity a ϫ ͑b ϫ c͒ = b͑a · c͒ − c͑a · b͒, taken into account that the vector E is orthogonal to and the vector is collinear with , and assumed = pc / v and v = wr. Thus, we see that the force acting on the electron due to the variation of its hidden momentum ͓the third term on the right-hand side of Eq. ͑3͔͒ is half of the force acting on the electron due to its relativistic polarization ͑the second term on right-hand side of Eq. ͑3͒ with the opposite sign͒. This result is in agreement with the statement by Lush "…including hidden momentum in the electron equation of translational motion has the effect of approximately halving…the non-Coulomb force…. 
The derivation of Eqs. ͑7͒ and ͑8͒ can be generalized to an arbitrary spatial orientation of s. Thus, the inclusion of the hidden momentum in the equation of motion of the classical electron in hydrogenlike atom does not influence the spinorbit splitting ͓see Ref. 2, Eq. ͑23͔͒. This conclusion supports the result obtained in Ref. 7 .
The difference in the numerical coefficient in Eq. ͑8͒ in comparison with the result in Ref. 2, Eq. ͑36͒, is insignificant because the classical estimate of the average orbital radius of electron does not take into account, for example, its dependence on orbital quantum number and thus agrees with the exact quantum solutions only qualitatively.
Finally, we comment on the statement by Lush "…if hidden momentum is omitted from the analysis, the force on the nucleus due to the electron will differ from the force on the electron due to the nucleus," which is undoubtedly correct in the classical approach. However, we note that both the velocity-dependent ͑bound͒ and acceleration-dependent ͑ra-diation͒ field component equally participate in maintaining the momentum balance in the classical system of orbiting electron plus resting nucleus, whereas quantum mechanically, the bound electron does not radiate in stationary energy states. Thus, the results of classical electrodynamics usually cannot be extended to the bound wavelike particles, although the hidden momentum must also participate in the momentum conservation law for purely bound quantum systems. However, such an extension requires further analysis ͑see, for example, Ref. 8͒.
